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Fishery Systems Science

U.S. Caribbean Coral Reef Ecosystems

Data & Metrics
RVC Survey Sampling (FI)
TIP-LB Fishery-dependent (FD)
Population Demographics
Economics

 ———

FI

FI & FD
Empirical Data
Assimilation

Sampling &
Stock Assessment
model integration

Pop’n Dynamics «— Habitats

N/ FD

Humans CFMC
Human-Fishery

Adaptive improvements in accuracy & precision Sector Management

of estimates & forecasts

LBRA
Length-based Risk Analysis
strategic decision-making



Length-based Risk Analysis (LBRA)

LBRA is a probabilistic estimation and simulation
framework that integrates size-structured abundance data
from fishery-independent and fishery-dependent surveys to
quantify population and community sustainability risks,
thereby supporting informed fisheries decision-making and
policy optimization.

Ault, ].S. 1988. Nonlinear numerical simulation for assessing tropical fisheries with continuously
breeding multicohort populations. Ph.D. Dissertation, University of Miami

* Goodman, Scripps - Methot

* Transition North Sea models to the tropics
« Artisanal, small-scale fisheries

« Hard to age, continuous recruitment

1996. Stock Assessment: Quantitative Methods & Applications for small-scale fisheries.



Length-based Risk Analysis (LBRA) Toolbox

Estimation

LBAR Module (F)
LBAR_mod.f

input: LBAR_yt_pr.dat
Input: LBARS_yt.dat

\ Risk Analysis

LBRA: OFL Module (R)

(single, MCMC)
LBAR_yt1_out.dat

L I - L(n) YPR & SPR
L->Z->F Amax = M(0) DSPOPS.f forecast
Z(n) » F(n)

Population Demographics

size-at-age

W =f(L)

ofl.R: Stochastic MCMC (n trials)

ypr_spr_reefs_yt_contour.R
F(n) —» REEFS

Simulation & Forecasting

REEFS Module (F)
REEFS_mod.f

Input: snapper_yellowtail_pr.dat
lenfreq. dat: size — abundance
repro.dat: SPR; L catch & popn
Yy = yield in number

Yy = yield in weight

YPR (yield per recruit)

reefs_fixf_spr_yt.R
SPR = B/Bygo, spr reefs_fixtc_spr_yt.R
OFL - F/F40% SPR Likelihoods

longevity: natural mortality
size at sexual maturity (L,,)
size at first capture (L.)
maximum size

T Empirical Data

Fishery-Independent (RVC)

L average size in exploited phase

size — structured abundance & biomass
Ney: exploited abundance X region X year
Bey: exploited biomass X region X year
Npopn: population abund X region X year

Bpopn: population biomass X region X year

Fishery-Dependent (TIP)

Length-abundance structure
of catch

L average length

Catch amounts (by species)
Recruitment scaling
Nominal effort (by species)

Domains: RVC Survey = Fishery (TIP)

DSPOPS (F)- Discrete Stochastic
Population Simulation Forecast
Model -- transitional

vt

Policy Optimization

FINMAN (R) - Fisheries Institution
MANagement: Multiattribute utility
function (MUF) decision-making -
optimal utility




LBRA: Estimation, Simulation & Forecasting

= _f I c Es Inbemational Councl for

the Exploration of the Sea
AN C I E M Consell Internationsi pour
e n C - e PExplorstion ds la Mer

ICES Journal of Marine Science (2018), doi:10.1093/icesjms/fsy123

Bull Mar Sci. 100(2):283-312. 2024 coral reef paper
https:/#doi.org/10.5343/bms.2023 0026

Integrating the US Caribbean Reef Fish Visual (2024)
Census into fishery stock assessments

Length-based risk analysis for assessing sustainability
of data-limited tropical reef fisheries (2019)

Contents lists available at ScienceDirect “‘ -
Fisheries
§ i ‘Research
Fisheries Research g

- = Jerald S. Ault™, Steven G. Smith”, James A. Bohnsack?, Jiangang Luo’, Molly H. Stevens’,
Gerard T. DiNardo®. Matcthew W. lohnson?. and David R. Brvan'

journal homepage: www.elsevier.com/locate/fishres

™ Length-Based Assessment of Coral Reef Fish
Length-based risk analysis of management options for the southern Florida &&= Populations in the Main and Northwestern
USA multispecies coral reef fish fishery (2022) .
Hawaiian Islands  (2015)
Towards fishery-independent biomass estimation for Hawaiian Islands )
deepwater snappers (20 18) Updn, Marc O. Nadon??*, Jerald S. Ault', lvor D. Williams®, Steven G. Smith', Gerard
_ _ ) T. DiNardo®
Assessing coral reef fish population and community changes in response to doi 1010165 ceime.2004 12001 T (200 ™ - S
marine reserves in the Dry Tortugas, Florida, USA (2013) M e

Evaluation of average length as an estimator of exploitation
status for the Florida coral-reef fish community (2005)

Contents lists available at ScienceDirect

Ecological Indicators

(2014) Jerald S. Ault, Steven G. Smith, and James A. Bohnsack
IER journal homepage: www. elsevier.com/locate/ecolind
Indicators for assessing the ecological dynamics and sustainability @ e A rftr ospe.c“ve (19791 99fb, I f
of southern Florida's coral reef and coastal fisheries multispecies assessment of coral ree

* fish stocks in the Florida Keys (1998)
mﬁ:&cm- ARTICL g?mglmdmfmm,!fw;mn. 1992

Canadian Journal Fisheries and Aquatic Sciences 73:1-11
A stepwise stochastic simulation approach to estimate life
history parameters for data-poor fisheries (2016)

Marc O. Nadon and Jerald S. Ault

Analysis of Two Length-Based Mortality Models Applied to
Bounded Catch Length Frequencies (1992)

Proceedings of the 11* Intemational Coral Reef Symposium, Ft. Lauderdale, Florida, 7-11 July 2008
Session Number 22

TOWARDS SUSTAINABLE MULTISPECIES FISHERIES (2005) Are the Coral Reef Finfish Fisheries of South Florida
IN THE FLORIDA, USA, CORAL REEF ECOSYSTEM Sustainable? (2009)
Life history demographic parameter synthesis for exploited J.S. Ault, $.G. Smith, and J.T. Tilmant*
Florida and Caribbean coral reef fishes (2020) FINMAN: Simulated Decision Analysis with Multiple Objectives
(1989) 5

Molly H. Stevens | Steven G. Smith‘= | JeraldS. Ault JERALD S. AULT AND WiLLIAM W. Fox, Jr.



REEFS: Simulation & Forecasting
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Data Inputs

U.S. Caribbean Life History Demographic Data

Yellowtail snapper (YT), Stoplight parrottish (SLP), Queen Triggerfish (QT)

Symbol Definition YT SLP QT Units
Jiss Asymptotic length (Primary) 502.5 470.0 550.0 | mm FL

K Brody growth coefficient (Primary) 0.139 150 0.1050 | per year

ag Age at which length equals zero (Primary) -0.960 -0.4 -0.5850 | years

L Asymptotic length 508.0 332.0 430.0 | mm FL

K Brody growth coefficient 0.120 0.390 0.1500 | per year

dg Age at which length equals zero -2.730 -0.06 -0.5850 | years

W, Asymptotic weight 2.181 2.208 1.4662 | kg

a Scalar coefficient of weight-length function 4.000E-05 3.70E-05 | 5.517808E-08 | dimensionless
B Power coefficient of weight-length function 2.8642 2.9100 2.8690 | dimensionless
a Maximum observed age (under exploitation) 26 20 23 | years

S; Average survivorship probability to a; 0.0045 0.0045 0.0045 | dimensionless
L Length at first recruitment to population 25.0 2137 36.1 | mm FL

L. Length at 50% maturity 194.0 153 214.0 | mm FL

L Average length in the exploited phase 268.727 284.425 305.533 | mm FL

L. Minimum length at first capture 230.0 230 230 | mm FL

Ly Mean length at maximum age 490.65 447.96 503.77 | mm FL

W, Mean weight at maximum age 2.0369 1.9201 3.1224 | kg

R Population recruitment 276,609 66,000 793,000 | fish per year
M Natural mortality rate estimated from &, 0.2078 0.2702 0.2349 | per year




Fork Length (mm)

Yellowtail snapper
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Fraction of Total

Fraction of Total

0.020 4

0.000

12
o
©
o
>
0
P
©
I
x
]
£
m

US Caribbean Yellowtail Snapper

— Abundance

— = Biomass

T T T
8 10 12 14 16 18 20 22 24 26
Age (years)

US Caribbean Stoplight Parrotfish

— Abundance

— = Biomass

T
8 10 12 14 16 18 20 22 24 26

Age (years)

0.020

Fraction of Total
o
2
o
1

US Caribbean Yellowtail Snapper

.|
o
£
(=
]
o3}
N
o
1l
x
]
£
oM

—— Abundance

— - Biomass

0.005 e
7’
-1 '
7
- e
7’
”
- ”
-
0.000 T T T r r 1t 1 Tt T Tt T Tt T 1 1 T
0 50 100 150 200 250 300 350 400 450 500
Fork Length (mm)
US Caribbean Stoplight Parrotfish
0.025 ( D) I
5 |
- |
i | —— Abundance
- : — - Biomass
0.020 - |
- |
- |
I
- =
- - | g
£ 0.015 =
= < 1%
S g IS
c I
2 T | 5
3 . It
£ 0.010 |
w | |
| M|
|
7 |
- |
0.005 . !
- '
7
- 7
n -
-1 - e
0.000 T r T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500

Fork Length (mm)

9



Probabilistic Length-at-Age

Mean length at maximum age a; L(ay,t) =L, = Loo(l — e—K(aa—ao))

Mean length at midpoint of
age interval a + Aa

Probability of being length L _ - _ d — L(a) _ c—L(a)
oiven age a p(Lla) =p(c < L(a) £d) = (I)( (a) d o(a)

Z(a) — Loo(]- _ e—K((a+0.5Aa)—a0))

Mean weight at midpoint of
age interval a + Aa

W(a) = a(L(@)"
t+At a;

Average population abundance N (o) = f f N(a, t) (1 _ e—Z(a,t)) /Z(a,t)dadt
t ar

at time ¢

(a)

Length {(mm)
200 400 €00 800 1000

10




Relative Frequency
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Comparative Data & Metrics

Fishery-dependent (TIP)

g (B)

: Ceiba ‘

Yellowtail Snapper: Puerto Rico TIP & RVC
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US Caribbean Yellowtail Snapper (RVC) el STT eeseee STX
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Estimation

(L): Central method around which overall approach is orgamized

Bound the life history to observed
maximum age (a;) -
NO Methuselah fish

Lo — Ly x CZO(Le —L®) + K(Leo — L)

1 unknown
parameter

Lo, — L,

G

i
i
.:nl\;mi”!

L
7 95 103 111 119 127 135 143 151 159

1050

Limit Reference Point SPR =40%

-

1000

950

900

850

800

Average Length (mm)

i
700 :
1
1
1
1

L(t) =

‘| M L=9199mm

W=12.1kg

f; *FN(a,t)L(a,t) dadt
f;:l FN(a,t) dadt

() 1

Ault. 1988
Ault & Ehrhardt. 1991
Ehrhardt & Ault. 1992

2Ly —L(®) + K(Lo — L(t))

Size — structure "truncation"

[ _
(A) .- Unexploited - L =524.04
gl W=125kg
- ‘4 sPR =100%

550" F v wu e wus o

Limit Reference Point

s00 +
Current Exploitation

* L=7218mm
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400 +

Average Length (mm)

1 SPR = 40%
g:, ' ‘:1
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Yellowtail snapper

BAU
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Caveats

o Requires representative sampling; reliable life-history parameters;
and relatively stable recruitment.
o Estimates total mortality (Z); it does not partition fishing mortality

among fleets (f; - f)-
o Assumes the observed length distribution is not substantially biased

by gear selectivity or habitat-specific sampling. 16
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Probability Density

a, M a, Aay expo(f)
Reef Fish \Y| 0.0045 0.001
. r
Y ellowtail snapper 26 0.20783 33.24 7.2 0.9545152320
Stoplight parrotfish 20 0.27018 22.03 2.0 3.4022604117
. r
Queen triggerfish 23 0.23494 29.40 6.4 1.0790172187
AA US Caribbean Yellowtail Snapper aA US Caribbean Yellowtail Snapper
104 ! 100 !
§ . (A I (B) e
094 §: l 90 3
21 I 'S
08 °n' ! 80 :Z‘
E [] cl| !
o5 ~ A [} 4 Il
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06 | 4 '§ S 60 : \
4 g \ 1 (a]
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Natural Mortality Rate (M) 18
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Probabilistic Mortality Rates

Survivorship to Maximum Age S(ay) = —e
' i Y= N
. —In[S(a
Natural Mortality Rate i = n[A (@]
a
Theoretical Maximum Age i, = —ln[IS\'//\[ (@]

Interval from observed to

- - Aa, =ad; —a
theoretical maximum age A A A

1 —In(0.0045)

Exponential Rate parameter —
b Aay

For each Monte Carlo iteration, a random draw of total mortality (Z) was paired with a
corresponding realization of natural mortality (M), and fishing mortality was calculated

F=7Z-M Ault et al. 2019

19



Yellowtail snapper
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Length-based Exploited Population Dynamics

La
Exploitable population biomass ~ Bex(Le, t) = j N(Lla,t)W(L|a, t)¢(L) dL
LC
ax
Average abundance (numbers) N(L,t) = z p(L|a,t) N(a,t)
at length at time ¢ @
t+At

Average population biomass Bt)=| ; J ;ﬂ *N(a,t) W(a,t)dadt

Yield in weight at time ¢ Yw(F, L, t) = F(t)Bgx (L¢, t)
Ly
Spawning (mature) stock biomass at time ¢ SSB(t) = j B(L|a,t) dL
Lm
Spawning potential ratio SPR = SSBg/SSBr—g

Fishing mortality rate at 40% SPR Frer

21



FRrer = F4O%SPR

Snappers /BREF = 40%SPR
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Probability Density

US Caribbean Yellowtail Snapper US Caribbean Yellowtail Snapper
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OFL = F/F40%
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Size (FL, mm) at First Capture (Lc)

US Caribbean Yellowtail Snapper US Caribbean Yellowtail Snapper
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Poarnilation Ahiindance

US Caribbean Yellowtail Snapper (RVC)
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US Caribbean Yellowtail Snapper
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Probability Density
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Probability Density

Probability Density

US Caribbean Yellowtail Snapper (LIMIT L)
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Probability Density

Limit transition to Target strategy

US Caribbean Yellowtail Snapper (TARGET L)
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Probability Density
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Size (FL, mm) at First Capture (Lc)

MODTAR

US Caribbean Yellowtail Snapper
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US Caribbean Yellowtail Snapper (MODTAR)
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Percent Change in SPR from BAU
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Percent Change in SPR from BAU
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Fishery Decision Analysis with Multiple Objectives

A multiattribute utility function (MUF) is a formal mathematical representation of a
Decision Maker’s (DM’s) preference structure:

w(x) = flug(cp), pa(x2), -+, tn (x5)]
pi(x;) = i-th objective function evaluated over attribute x

x; = most preferred outcome of x;, where y; (x;) = 1

Ault & Fox. 1989
x{ = least preferred outcome of x;, where ui(xl-o) =0

u1(x1) = Conservation (maximum population size)

U (x,) = Commercial (maximum profits and minimum costs)
uz(x3) = Recreational (most fish per trip, biggest fish)

ts(x,) = Cultural (it's God'’s fish)

us(xs) = Regulatory (# of management measures), etc.
S

The MUF is structured: 1+ Ku(x) = 1_[[1{ kiu; (x;)]
i=1
The solution with the highest utility is referred to as the best compromise solution.

Lottery involving x; and x: Probability p of receiving x;; Probability (1 — p) of receiving x;.
What amount of x would be acceptable for certain in place of the above gamble? Once x is
determined, the utility of x can be calculated as

u(x) = pluGe)H]+ A - p)[u(x?)]

By varying p and changing the gamble, any number of points on the DM’s utility

curve can be generated for each utility function. -



US Caribbean Queen Triggerfish (RVC)
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US Caribbean Stoplight Parrotfish (BAU)

US Caribbean Stoplight Parrotfish (RVC)
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Probability Density
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Fishery “Ecosystem” Components
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How does LBRA inform fisheries management?

Rapidly identifies species at greatest biological risks.
Prioritizes species for stock assessment, monitoring, and management action.
Defines the management decision space by quantifying probabilities of
overfishing and other biological risks.

o Evaluates management scenarios by forecasting the likelihood and time
horizon for achieving biological and harvest objectives.

o Cross-validates integrated stock assessments (e.g., Stock Synthesis) using an

independent analytical framework based.

o Facilitates multi-species comparisons using a consistent analytical
framework.

o Supports precautionary management in data-limited fisheries by providing
biologically informed reference points and quantitative risk estimates.

o Improves management transparency by explicitly linking management
actions to quantified biological risk.
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